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Effectiveness of post-match recovery strategies in rugby players
Objectives: To examine the effectiveness of four interventions on the rate and magnitude of muscle damage recovery, as measured by creatine kinase (CK). Methods: 23 elite male rugby players were monitored transdermally before, immediately after, 36 hours after, and 84 hours after competitive rugby matches. Players were randomly assigned to complete one of four post-match strategies: contrast water therapy (CWT), compression garment (GAR), low intensity active exercise (ACT), and passive recovery (PAS). Results: Significant increases in CK activity in transdermal exudate were observed as a result of the rugby match (p,0.01). The magnitude of recovery in the PAS intervention was significantly worse than in the ACT, CWT, and GAR interventions at the 36 and 84 hour time points (p,0.05). Conclusions: An enhanced rate and magnitude of recovery was observed in the ACT, CWT, and GAR treatment groups when compared with the PAS group. Low impact exercise immediately post-competition, wearing compression garments, or carrying out contrast water therapy enhanced CK clearance more than passive recovery in young male athletes. E lite athletes are dependent on consistent high level performance for their livelihoods. As a result, athletes and their management will seek any advantage when training and preparing for competition. Optimising recovery from training and performance may benefit the subsequent training and performance of elite athletes over a period of time (for example, the competition season). In addition, Friden and colleagues 1 have suggested that damage to a particular muscle may predispose the muscle to more significant injury in the future.
A frequently investigated aspect of recovery is the physiological response to high intensity eccentric loading, leading to delayed muscle soreness and impairment. [2] [3] [4] The presence of muscle proteins and enzymes in the blood is a commonly reported indicator of muscle damage. [5] [6] [7] [8] The response of creatine kinase (CK) to exercise has received research attention, as strenuous exercise that damages skeletal muscle cell structure results in an increase in blood CK activity. 9 It is thought that CK travels from damaged muscle tissue into the interstitial fluid before entering the circulation through the lymphatics. 10 Volfinger et al 11 described a slow transit time through the lymphatic system when they reported that CK injected intramuscularly did not appear in the blood until several hours after the injection.
Structural damage to muscle cells, as indicated by raised CK levels, has been reported after competitive rugby matches. 12 13 Rugby Union (rugby) is an intermittent high intensity team sport involving a diverse range of athletes with different skills and anthropometric requirements, yet with quite similar training backgrounds. Rugby consists of aerobic and anaerobic exercise as well as direct impact with opposing players. It is reported that the incidence of injuries in rugby is high compared with other sports.
14 Furthermore, an increased incidence of injuries in rugby has been reported at higher levels of play, 15 and as a result of professionalism. 16 17 The mechanism of increased CK associated with rugby matches is probably only partially explained by the high intensity running exercise as described by other researchers. 6 18 19 It is probable that damage caused to muscle by the direct impact between opposing players is the main cause of CK elevation.
Zuliani et al 20 showed that the repeated trauma associated with a boxing bout led to a significantly higher CK concentration than a shadow boxing bout with an identical physical effort. Large increases in blood CK activity have also been reported in high contact intermittent sports such as American football 21 and Australian Rules league football. 22 Research has indicated that muscle damage caused by high intensity eccentric exercise has been associated with decrements in muscle function and performance during exercise. 4 Rodenburg et al 23 reported a significant correlation between maximal voluntary contraction (MVC) torque and blood levels of CK. As a result, various methods of optimising recovery have been investigated. These include compression garments, 24 contrast water therapy, 25 26 and active recovery. 13 It is unclear from the literature to date whether reductions in muscle function and performance following a rugby match can be minimised by various recovery strategies. The purpose of this study was to investigate the effectiveness of four recovery interventions on CK recovery profiles in professional rugby players following competitive matches. It was hypothesised that an active recovery strategy would promote a superior reduction in CK levels than other recovery strategies. 
METHODS Subjects
Experimental protocol
Four competition weeks were monitored over the course of the NPC season, with the subjects being randomly assigned to one of four post-match recovery strategies. Transdermal exudate samples were obtained for CK analysis 3.5 hours before and immediately after four NPC competition games and at 36 and 84 hours post-match, using a previously described method. 27 Sample collection was superimposed on normal training regimens. The unbalanced sample size for each treatment could not be avoided, as some participants were unable to complete their randomly assigned recovery strategy because of injury, non-selection, or lack of match time.
Recovery interventions
Passive recovery (PAS)
Participants sat on a bench for nine minutes before carrying out their normal post-match routine. This routine involved showering, rehydrating, snacking, and preparing for a postmatch function.
Active recovery (ACT)
Participants undertook low intensity exercise on an exercycle for seven minutes in the dressing room after the match (80-100 rpm, ,150W) before carrying out their normal postmatch routine. A seven minute duration was selected because of time and resource limitations.
Contrast water therapy (CWT)
Participants immersed their body to the level of the anterior superior iliac spine in one of two temperature controlled water baths, alternating between one minute in cold water (8-10˚C) and two minutes in hot water (40-42˚C) for approximately nine minutes. The normal post-match routine was then carried out.
Compression garment (GAR)
After the match participants undertook their normal postmatch routine before donning a lower body compression garment (SkinsH), which was worn until the following morning (approximately 12 hours).
Transdermal sampling
Electrosonophoretic transdermal samples have been reported to show a high correlation with plasma constituents at rest and during exercise and recovery. 27 Electrosonophoresis uses a combination of ultrasound (0.35 W/cm 2 at the generator) and an electric current (9V) to stimulate a transdermal flux. A mixture of standard ultrasound gel (AquasonicH, Parker, USA) containing 1% wt/vol of emu oil extract (Emea, NZ), 2% sodium lauryl sulphate, and 1% ethanol was applied to the skin before ultrasound application. Previous work has shown that this mixture facilitates transdermal movement. 27 28 The sampling site was the ventral forearm. Collection fluid was circulated through the sampling head at 1.2 ml/min and samples were collected in 1.7 ml graduated microtubes (Invitrogen, Auckland, NZ). Samples were stored at 220˚C until analysis.
Creatine kinase analysis Transdermal exudate samples were divided into two and concentrated between 10-and 100-fold, respectively, using vacuum extraction and nitrogen blow-off. The samples were then assayed for CK activity using a derivation of the Rosalki method 29 employing a Du Series 500 spectrophotometer (Beckman Coulter, Australia Pty). The mean coefficient of variation (CV) for transdermal CK analyses was ,10%.
Statistical analysis
Data were analysed using residual maximum likelihood (REML) in GenStat to fully utilise the information on treatment differences from within and between players. Significances were calculated from a REML analysis of log transformed ratios of CK levels using the Wald test. The CK concentration was expressed in international units (IU). Means and standard deviations were calculated for the CK increase and recovery using MicrosoftH Excel 9.0.3821 SR-1. Only subjects who played for more than 20 minutes and who undertook no additional rehabilitation were included in the analysis. Percentage recovery was calculated on the basis of the increase in interstitial CK resulting from the rugby match. Statistical significance was set at p,0.05.
RESULTS
The rugby matches examined in this study produced significant increases (p,0.01) in interstitial creatine kinase concentration ([CK]) from pre-to post-competition, with levels of 1023.0 (308.3) and 2194.0 (833.7) IU, respectively. The sample taken immediately after the completion of the game represented the peak [CK] observed during the recovery period.
The ACT intervention showed 88.2% recovery after 84 hours (fig 1) . Compression garments and CWT produced 84.4% and 85.0% recovery after 84 hours, respectively. The poorest rate of post-match recovery (39.0%) was observed following the PAS intervention. The PAS recovery was significantly less than the ACT, CWT, and GAR interventions at both the 36 and 84 hour time points (p,0.05). No significant differences in CK recovery profile were observed between the ACT, CWT, or GAR interventions at any time point.
DISCUSSION
The results of this study confirm the findings of other researchers that the exercise and collisions involved in a game of rugby cause a significant increase in [CK]. 12 13 Different recovery interventions immediately post-match influenced the rate and magnitude of the decrease in interstitial [CK] in the week following a rugby match. The data suggest that the ACT, GAR, and CWT interventions used in the current study are more effective forms of the postmatch recovery than the PAS intervention. However, the optimal duration and combination of recovery interventions requires further investigation. 
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It could be suggested that the low impact exercise undertaken by the participants in the ACT protocol increased blood flow, induced changes in blood flow distribution, and improved the range of motion. These responses could enhance the clearance rate of CK from the muscle and be responsible for the favourable temporal pattern observed as a result of active recovery. Owing to the time and resource limitations imposed by sampling in a competitive environment the duration of the ACT protocol was seven minutes. Increasing the duration of the ACT recovery intervention may further modulate the recovery profile observed as a result of this intervention. A study by Suzuki et al 13 reported no difference in CK activity between an active and a passive recovery group. However, in that Japanese study the active recovery group carried out one hour of low intensity exercise in water once a day, whereas in the current study the intervention was immediately post-match.
Contrast water therapy is considered to reduce oedema through a ''pumping action'' created by the alternating vasoconstrictor and vasodilator response of blood vessels to temperature changes. 30 Blood flow changes, reduced muscle spasm, and an influence on the inflammatory response are also physiological effects attributed to CWT. 25 In a pilot study conducted at the Waikato Institute of Technology and supervised by NDG, data suggested that CWT led to a reduction in blood CK activity when compared with a passive recovery protocol after a muscle damaging weights session. Muscle function, as measured by isometric force production and jump squat performance, was also improved as a result of CWT in this pilot study. The present study confirmed the effectiveness of CWT in decreasing an indirect marker of muscle damage when compared with a passive intervention.
Compression has long been suggested as an important therapeutic intervention following soft tissue injury as part of the RICE treatment with various modes of ice and compression used to provide pain relief, diminish inflammatory responses, and reduce swelling. 31 Intermittent pneumatic compression 32 and compression sleeves 24 have been shown to be effective in providing some relief from exercise induced muscle damage. Kraemer et al 24 reported a decreased perception of soreness, less swelling, and improved recovery of force production compared with a control group after wearing a compressive sleeve 24 hours a day for five days following a muscle damaging weight session. Results from the current study reinforce the importance of compression in reducing the effects of soft tissue injury.
In terms of CK levels, a difference was apparent between the lowest pre-competition [CK] in two studies investigating CK responses in Japanese rugby players and the current study (Suzuki et al 13 : 351.6 (131.6) U/l; Takarada 12 : ,400 (,120) U/l; current study: 1023.0 (308.3) U/l). This may indicate that the players studied in the current New Zealand based study have not fully recovered from the serial muscle damage imparted by the rigors of the competitive season. It could also be hypothesised that the physical nature of professional rugby in New Zealand leads to more severe muscle damage than the fast paced game played by Japanese college students. Some evidence for the difference in the levels played may be seen in the average physical characteristics of the subjects (Takarada 12 : 178.8 cm, 87.4 kg; current study: 184.5 cm, 99.2 kg). On average the players in the current study were 5.7 cm taller and 11.8 kg heavier than their Japanese counterparts. These anthropometric variables suggest that the magnitude of the physical contacts in the New Zealand players would be much greater and could cause a greater degree of soft tissue damage.
The highest reported serum CK levels in these two studies of Japanese rugby players were also much lower than those observed in the current study ( [CK] in the current study was seen immediately post-game. This may not represent the peak value in the current study, however, as a subsequent sample was not taken until 36 hours after the match.
An alternative explanation for the greater [CK] observed in the current study is sampling differences. The current study sampled interstitial fluid, whereas the two Japanese studies looked at the CK activity in blood. As a result of muscle damage, CK leaks from the muscle cells into the interstitial fluid before entering the blood stream through the lymphatic system. 5 10 Therefore, it is conceivable that the [CK] in the interstitial fluid is higher than [CK] in the blood owing to partitioning effects. Indeed, it is possible that CK in the interstitial fluid undergoes metabolism before entering circulation which could further decrease the [CK] observed in the blood. Methodological differences may also explain the discrepancy between the [CK] peaks observed in the current study and the studies of Takarada 12 and Suzuki et al.
13
Furthermore, the time lag observed by researchers investigating impaired muscle function as a result of eccentric exercise (for example, Sorichter et al, 7 Clarkson and Nosaka 33 ) might be an artefact of methodological limitations. Monitoring interstitial fluid may describe the physiological milieu experienced by the muscle cells more accurately. As such, the time course of muscle functional impairment may be more closely related to enzymatic leakage from the cells than previously proposed. [33] [34] [35] [36] Future work should investigate the relation between interstitial and venous [CK] .
Conclusions
The results of this study indicate that interstitial CK activity was significantly increased in elite male rugby players as a result of competing in a rugby match. The highest observed CK levels were recorded immediately after the match and decreased in an intervention specific profile over the experimental time period. Undertaking low impact exercise immediately post-competition, wearing compression garments, or carrying out contrast water therapy promoted better physiological recovery than passive recovery in young male athletes. 
